The incorporation of divalent metal ions into recombinant human tyrosine hydroxylase apoenzymes studied by intrinsic fluorescence and 1H-NMR spectroscopy.
Three isoforms of human tyrosine hydroxylase were expressed in Escherichia coli and purified to homogeneity as the apoenzymes (metal-free). The apoenzymes exhibit typical tryptophan fluorescence emission spectra when excited at 250-300 nm. The emission maximum (342 nm) was not shifted by the addition of metal ions, but reconstitution of the apoenzymes with Fe(II) at pH 7-9 reduced the fluorescence intensity by about 35%, with an end point at 1.0 iron atom/enzyme subunit. The fluorescence intensity of purified bovine adrenal tyrosine hydroxylase, containing 0.78 mol tightly bound iron/mol subunit, was reduced by only 6% on addition of an excess amount of Fe(II). Other divalent metal ions [Zn(II), Co(II), Mn(II), Cu(II) and Ni(II)] also reduced the fluorescence intensity of the human enzyme by 12-30% when added in stoichiometric amounts. The binding of Co(II) at pH 7.2 was also found to affect its 1H-NMR spectrum and this effect was reversed by lowering the pH to 6.1. The quenching of the intrinsic fluorescence of the human isoenzymes by Fe(II) was reversed by the addition of metal chelators. However, the addition of stoichiometric amounts of catecholamines, which are potent feedback inhibitors of tyrosine hydroxylase, to the iron-reconstituted enzyme, prevented the release of iron by the metal chelators. Fluorescence quenching, nuclear magnetic relaxation measurements and EPR spectroscopy all indicate that the reconstitution of an active holoenzyme from the isolated apoenzyme, with stoichiometric amounts of Fe(II) at neutral pH, occurs without a measurable change in the redox state of the metal. However, on addition of dopamine or suprastoichiometric amounts of iron, the enzyme-bound iron is oxidized to a high-spin Fe(III) (S = 5/2) form in an environment of nearly axial symmetry, thus providing an explanation for the inhibitory action of the catecholamines.